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ABSTRACT

Tall fescue is the most widely planted forage species

in Tennessee, with approximately 1.4 million hectares.

This

grass is used as pasture and hay feed for beef cattle, and
is used to a lesser extent for dairy cows, sheep, and

horses.

A high percentage of tall fescue is infected with

the endophytic fungus Neotyphodium coenophialum, which grows

entirely within the plant and relies on it for nutrition and
dissemination.

Tall fescue infected with this endophyte

(E+) has increased insect and nematode resistance, compare

with endophyte-free (E-) tall fescue.

However, the

endophyte produces toxins that have negative effects in many
organisms, such as fescue toxicosis in cattle.

The

objectives of this study were to determine if E+ tall fescue
affected reproduction of the nematode Pratylenchus
scrihneri, and to determine if the egg hatch of this
nematode was affected by chitinase.

Twenty-four plants each of E+ and E- tall fescue were

transplanted into Conetainers in the greenhouse.

Five

hundred to 1,000 P. scribneri were pipetted into a hole at
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the base of each tiller.

Eight root systems of E- and eight

of E+ fescue were harvested and stained at 20, 40, and 60

days to determine nematode and egg numbers.

Stage-specific

distributions were determined by dissecting roots and

removing stained nematodes, then measuring and categorizing
them as J2, J3, J4, or adult.

In the chitinase study, P.

scrihneri eggs were exposed to several serially diluted
chitinase solutions.

Numbers of hatched nematodes in each

solution were counted every 3 days for 15 days.

In the reproduction and development study, P. scrihneri
was almost eliminated in E+ tall fescue.

few eggs were observed in the roots.

In E+ tall fescue,

Significantly fewer

egg and juvenile numbers were found in E+ tall fescue at 40
and 60 days compared with E- plants.

Generally, no

significant differences were observed in adult nematode

numbers at any date.

Thus egg production, but not survival,

appeared to be reduced by E+ tall fescue.
The number of nematodes that hatched from eggs in
chitinase solution decreased as the concentration of

chitinase increased.

Increased levels of chitinase in E+

tall fescue roots may cause egg disintegration or prevent
eggshell formation in P. scrihneri females.
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Chapter I
LITERATURE REVIEW

Tall fescue {Festuca arundinacea Schreb.) is a

perennial, cool-season, tufted bunchgrass.

It occupies

approximately 15 million hectares and is one of the most

widely grown forage species in the United States. This
grass is used as pasture and hay feed for beef cattle,
and is used to a lesser extent by dairy cattle, sheep, and
horses.

Tall fescue is the most commonly planted forage

species in Tennessee, with approximately 1.4 million
hectares in pasture (Fribourg et al., 1991).
Tall fescue was brought to North Tlmerica from Europe,
which is the main center for variation of the grass tribe

Festuceae (Buckner, 1985).

It grows in damp pastures and

wet places throughout Europe and North Africa, and into
western Siberia.

Tall fescue is also found on mountains in

East Africa and Madagascar (Buckner et al., 1979).

Tall

fescue is well adapted to the humid, temperate areas of the
world (Burns and Chamblee, 1979).

The distribution of tall

fescue into more northern latitudes is restricted by cold

winter temperatures at higher latitudes or high elevations
(Buckner et al., 1985).

The precise time of introduction

of tall fescue into the United States is not known (Buckner,

1985); however, the earliest record was found on ballast in
Camden, NJ, during 1879 (Terrell, 1979).
Individual tall fescue plants may or may not possess

short rhizomes.

The culms (tillers) are ordinarily upright,

stout, and smooth.

The plants can have a maximum height of

2 meters (Terrell, 1979). Although tall fescue is a
bunchgrass, thick stands can be produced if the grass is
kept mowed or grazed.

Tall fescue has branched, panicle-

type heads 10-35 cm long with branches bearing several

spikelets (Terrell, 1979).
on each spikelet.

Five to seven seeds are produced

Tall fescue blooms in May throughout much

of the United States (Buckner, 1985).

Tall fescue can adapt well to hot temperatures if there

is adequate soil moisture.

Under extreme drought stress,

stand thinning can occur (Buckner, 1985).

Tall fescue grows

best on fertile, moist soils that are heavy to medium in
texture and have substantial humus.

However, it is capable

of existing in soils with severe conditions, such as

strongly acidic (pH 4,7) or alkaline (pH 9.5) soils (Cowan,
1956),

Tall fescue does well in drought conditions and

helps to conserve dry soil by preventing erosion.

It

produces dense sods and has excellent growth on inadequately
drained soils where other cool-season grasses can not

survive.

The wide adaptation and growth abilities of tall

fescue on the many diverse soil types is attributed to its
large root system. These roots help to decrease soil
density, improve soil structure, and reduce soil erosion
(Buckner, 1985).

Tall fescue's growth and persistence on

varied soils has led to its wide acceptance, use, and value
as a cool-season grass in the United States.

Grass Endophytes

A great percentage of tall fescue acreage is infected
with the endophytic fungus Neotyphodium coenophialum
(Morgan-Jones & W. Gams) Glenn, Bacon & Hanlin.

The genus

Neotyphodium is placed in the phylum Ascomycota, order
Hypocreales, family Clavicipitaceae (Alexopoulos et al.,
1996).

Neotyphodium spp. typically infect plants in the

plant families Poaceae, Cyperaceae, and Juncaceae, with most

hosts being grasses (Clay, 1989).

Neotyphodium species are

considered true endophytes because they grow entirely within
the host plant and rely on it for nutrition and
dissemination. Neotyphodium endophytes are disseminated only
via the seed; there is no transmission from endophyte-

infected (E+) to uninfected (E-) plants.

Neotyphodium

endophytes closely resemble some Ascomycete fungi.

However,

as no sexual reproduction has been observed, they are
considered anamorphs of the Clavicipitaceae (Alexopoulos et
al., 1996).

Hyphae of Neotyphodium endophytes are

intercellular, rarely branched, and can be detected with a
microscope when leaf sheath sections are stained with
aniline blue.

Neotyphodium endophytes may also be detected

with immunoassays such as enzyme-linked immunosorbent assay
(ELISA) (Reddick et al., 1988).

While Neotyphodium spp. are

generally referred to as endophytes, some species exist as
epiphytes on meristems and young leaves of their hosts
(Luttrell and Bacon, 1977).

Epiphytes differ from

endophytes in that epiphytes live outside the host, while
endophytes live inside the host.

However, most species

occur as endophytes with intercellular hyphae that run

parallel to the long axis of host cells in leaf and stem
tissue (Clay, 1989).

Herbivore Resistance

There has been a substantial amount of research

conducted recently on the role of E+ grasses on grass-

feeding herbivores.

Suppressive effects of E+ perennial

ryegrass on insects were first observed by Prestidge et al.
(1982).

E+ grasses show an increased resistance to many

insects compared to similar E- plants (Clay, 1987).

Some

insects are deterred from feeding on foliage of E+ tall
fescue, and many species of aphids cannot be forced to feed
on these plants (Johnson et al. 1985).

Oliver et al. (1990)

demonstrated that numbers of surviving Japanese beetle

larvae, Popillia japonica Newman, were significantly higher
in pots containing predominantly E- plants than in pots
containing either predominantly E+ or all E+ plants.

Resistance of E+ plants to insects may be the result of
deterrent properties of the endophyte.

The endophyte may

also have antibiotic properties, which allows insects to
feed on the host, but causes the insect to undergo

developmental abnormalities.

Antibiotic properties

ultimately reduce population growth (Clay, 1989).
Neotyphodium endophytes that infect grasses usually produce
alkaloids in the host.

Under normal conditions, N.

coenophialum in tall fescue produces several types of
alkaloids: lolines, ergot alkaloids, and peramine.

Some of

these alkaloids are thought to be responsible for conferring
resistance to the grass against insects and mammals.
While the endophyte provides the grass with many
benefits, E+ tall fescue poses several health problems for
grass-feeding mammals.

Cattle that ingest E+ tall fescue

suffer from reduced weight gains, reduced milk production,
and an intolerance to heat.

Weight gains can be reduced

more than 30% in animals that forage on E+ tall fescue.
Horses that consume E+ tall fescue cannot produce sufficient

quantities of milk for foals and have high foal mortality.
Sheep suffer symptoms similar to cattle (Fribourg et al.,
1991).

The collective term for symptoms affecting livestock

due to the effect of the endophyte in tall fescue is fescue
toxicosis.

Economic losses attributed to fescue toxicosis are

significant, because the majority of tall fescue pastures

are endophyte-infected.

In a national survey conducted

among 21 states growing a combined 10 million hectares of
tall fescue, mean calving rate of cows grazing E+ tall
fescue was 74%, which was 20% less than cows not consuming
E+ tall fescue.

A national annual loss of over 800,000

calves, valued at $354 million, is attributed to cow

reproductive problems on E+ tall fescue.

Reduction in

weaning weight of 50 pounds per calf due to tall fescue
toxicosis results in an annual loss of $255 million in the
United States.

million

This combined annual loss is about $610

per year.

Losses for Tennessee alone are estimated

at between $60 million and $85 million each year.

Loss

estimates of horses and sheep are not available, and would
add to this figure (Fribourg et al., 1991).

Crops with resistant traits are needed as we proceed
into the next century due to environmental and economic
restrictions and concerns associated with current chemical

pesticide use.

For most crop plants, including forage

grasses such as tall fescue, resistant cultivars provide the

best management strategy in terms of grower input and
economic constraints.

E+ tall fescue gives farmers high

yielding pastures, while E- tall fescue has low yield but
better nutritional qualities.

The pest resistance found in

E+ tall fescue is due to infection by N. coenophialum.

If

the genes for resistance can be isolated and transferred to
other forage and turf grasses or cereal crops, it could have
great potential as a pest resistant trait.

Nematode Resistance

Pratylenchus spp. are nematodes that invade root cortex
and kill cells by feeding on them.

This feeding and cell

death cause brown, elongate lesions to form in the root.

These lesions usually are visible on the root surface of
most hosts, hence the common name "lesion nematode".

Some

damage within the stele of the host can occur, and roots may
be killed.

Tops of infected plants display symptoms of root

damage, such as yellowing of leaves, wilting, and stunted
growth.

A severe infection is capable of killing host

plants (Dropkin, 1989).

When the food supply is depleted or

conditions become unfavorable for the lesion nematodes, they

move to another location in the plant, or leave the plant
entirely.

Pratylenchus species are identified by a flat head,
strong cephalic framework, and a thick, stubby stylet 14-20
|jm long, with conspicuous basal knobs.
overlap the intestine ventrally.

Esophageal glands

The vulva in Pratylenchus

is located about 75% of the body length from the anterior

tip.

Females are monodelphic (one gonad) (Dropkin, 1989).

The genus also has a tail that tapers slightly, with the
terminus being broadly rounded (Siddiqi, 1985).

Pratylenhus scribneri Steiner, like all Pratylenchus

spp., is a migratory endoparasite. Males are absent in this
species.

These nematodes are elongate, with an average

length of 500 tim.

Second-stage juveniles (J2) emerge from

eggs that are laid in clusters within roots.
have wide host ranges.

They usually

Juveniles and adults are capable of

moving between soil and roots (Dropkin, 1989).

The nematode eggshell provides a barrier to the outside
environment, and is a very resistant biological structure.

It is impermeable to many substances, with the exception of
lipid solvents and gases.

In Pratylenchus spp., the

eggshell consists of three layers:

an inner lipid layer, a

middle chitinous layer, and an outer vitelline layer.

The

lipid layer provides semi-impermeability to the nematode
eggshell (Wharton, 1980). It consists of 25% protein and
75% lipid.

The lipid part of the eggshell is also known as

the ascaroside layer due to the presence of a mixture of ct-

glycosides called ascarosides (Wharton, 1980). Also, a
series of lipoprotein membranes have been associated with
the lipid layer of tylenchid eggs (Bird & McClure, 1976).
The thickest layer of the eggshell is the chitinous

layer, which provides the eggshell with structural strength.
The eggshell is the only nematode structure in which the
presence of chitin has been demonstrated.

Protein is often

associated with chitin in the chitinous layer (Wharton,

1980).

Chitin-protein complexes occur frequently as 2-8 nm

microfibrils in a protein matrix (Bird & McClure, 1976).
Increased chitinase activity due to infection by the

endophyte may act on the chitinous layer of the egg-shell,
causing defects in the ultrastructure of the eggshell, as
well as developmental abnormalities.
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Neotyphodium endophytes in tall fescue may deter

nematode pests by inducing the grass to produce increased
amounts of chitinase.

The enzyme chitinase (poly [1,4-(N-

acetyl-p-D-glucosaminide] glycanhydrolase) hydrolyzes the
chitin polymer to release N-acetyl glucosamine oligomers
(Punja and Zhang, 1993).

In other plants, disease

resistance may be associated with a complex of plant

responses, often including the accumulation of pathogenesisrelated (PR) proteins.

The synthesis of these proteins can

be induced by biological stresses (Van Loon, 1985).

The

mechanisms by which PR proteins add to disease defense

responses is unknown.

Chitinases, like other PR proteins,

are low-molecular-weight (25-36 kD) proteins that are
secreted extracellularly; chitinases may be acidic or basic.

In the majority of plant species, chitinase activity is
enhanced 1-28 days following activation by biological or
abiotic factors such as viral infections, viroids,

pathogenic fungi, mycorrhizal fungi, endophytic fungi,
bacteria, insect and nematode feeding, and mechanical

damage.

After induction, chitinases may accumulate locally
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at the problem site

or systemically in other plant tissues

(Punja and Zhang, 1993).
Both E- and E+ tall fescue contain chitinase in their

roots and foliage.

Roberts et al. (1992) demonstrated that

E+ tall fescue had a greater chitinase activity than E- tall
fescue.

After E+ and E- tall fescue were inoculated with

the root-knot nematode Meloidogyne marylandi, they both had

high chitinase activity for 10 days.

Chitinase levels in E-

decreased with time, while E+ activity remained high up to

50 days.

These data may suggest that chitinase may be

involved with nematode deterrence, and establish a

relationship between chitinase and W. coenophialum.
Addition of soil amendments containing chitin, such as
ground crab shell, can reduce the severity of disease caused

by plant-parasitic nematodes.

This reduction is partly

attributed to enhancing soil microorganism (fungi, bacteria,
actinomycetes) populations with chitinolytic activity, which
reduces nematode activity and survival (Punja and Zhang,
1993).

It has been shown that there may be a correlation

between levels of chitinase produced in tall fescue and
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reduction of infection by Meloidogyne marylandi, a sedentary

endoparasitic nematode (Roberts et al., 1992).

No research

has been conducted on the effects of chitinase produced in

tall fescue infected challenged by a migratory endoparasite,
such as Pratylenchus scribneri.

It has been postulated that

migratory endoparasites would have greater exposure to

plant-derived chitinases, because their eggs are laid in the
root cortex and are not protected by a gelatinous egg mass,

as in Meloidogyne species (Dropkin, 1989).

Determining if

there is an association between chitinase production in En
tail fescue and infection by P. scribneri will provide more
information about the nature of the Neotyphodium endophyte
and the mechanisms by which it refers resistance to
nematodes.

This research has been conducted to determine:

1) if E-i- tall fescue has an effect on Pratylenchus scribneri
reproduction;

2) if P. scribneri egg hatch is affected by chitinase.
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chapter II
MATERIALS AND METHODS

Greenhouse Experiments

Experiment 1:

Tall fescue cv. Kentucky 31 (clone #38)

plants containing Neotyphodium endophyte (E+) and no

endophyte (E-) were obtained from the Department of
Entomology and Plant Pathology, The University of TN,
Knoxville.

Both E+ and E- plants were retested for the

presence of the Neotyphodium endophyte by Kimberly D. Gwinn
with an indirect protein-A enzyme-linked immunosorbent assay
(PAS-ELISA) (Reddick et al., 1988).

The tall fescue plants

were propagated in the greenhouse by splitting the plants
into 4 or 5 tillers and transplanting them into trays filled
with autoclaved sand-soil (3:1) mix.

Propagation continued

until approximately 128 plants (5 tillers each) of each Eand E+ plant were obtained.

Twenty-four tillers of each E+

and E- tall fescue were selected at random and transplanted

into Conetainers® containing the same soil mixture as noted
above.
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Nematodes were obtained from a corn root explant

culture provided by David J. Trently and maintained on
alfalfa callus grown in 40 mm-diameter culture tubes kept at
27 °C in an incubator.

Alfalfa callus was grown from seed

on Riedel's simplified medium (Riedel et al., 1972).

The

seeds were surface-sterilized for 15 minutes in a 10%

Clorox® solution and then rinsed in sterile water. They ere

then placed on the callus-inducing media.

The seeds were

incubated on the callus-inducing media at 28 °C in the dark.
Callus tissue was transferred every six weeks to fresh media
to maintain callus growth.

As individual callus reached a

diameter of 40 mm (about 4-6 weeks), the callus tissue was

inoculated with P. scribneri.

Nematodes grew and multiplied

on the callus for 8 to 10 weeks before being extracted by
placing callus onto a screen inset at the top of a glass

funnel.

The funnel containing callus was then placed in a

mist chamber set to mist for 12 seconds every 6 minutes.
Nematodes were collected in a plastic centrifuge tube
beneath the funnel.

Nematodes were collected from the mist

chamber every 24 hours for 5 days.

After each collection,

nematodes were counted under a dissecting microscope and
15

used as tiller inoculum.

Total nematode numbers over 5 days

ranged from 1,500 to 8,000 nematodes per callus.
Two weeks after transplanting, each Conetainer

containing one tiller of E+ or E- tall fescue was infested
by pouring an aqueous solution containing 500 P. scribneri
into a 1 cm deep hole at the tiller base. Conetainers were
watered from above with a hose.

At 20, 40, and 60 days

after inoculation, root systems of each tiller were removed
and stained with acid fuschin (Byrd et al., 1983) to reveal

nematodes and eggs.

Nematode egg production was estimated

by counting stained eggs in roots at each sampling time.
Stage-specific distribution was determined by removing
stained nematodes from roots, then measuring and

categorizing them as second (J2), third (J3), or fourthstage (J4) juveniles, or adults.

Measurements were made by

tracing nematodes onto paper with the aid of a drawing tube
and measuring these lengths with a lineometer.

Adults were

identified by both length and the presence of a vulva.
were analyzed with a paired t-test.

Experiments 2 and 3:

Materials and methods were

similar to experiment 1 except for the following
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Data

modifications.

Instead of watering from above with a hose,

Conetainers were placed in a plastic tub filled partly with
water for 15 minutes twice daily.

The water level covered

the Conetainer bottom openings and water permeated the soil

by capillary action.

Nematode inoculum was increased from

500 to 1,000 nematodes.

Chitinase Experiments

Experiment 4:

Eggs of P. scrlbneri were collected from

alfalfa callus tissue with Dunn's method (Dunn, 1972).

Extracted eggs were kept refrigerated in tap water at 10 °C
and were used within 1 or 2 days of extraction.

Eggs in

undifferentiated to gastrula stages were selected with the
aid of a stereomicroscope.

Serratia marcescens chitinase (Sigma C1650, Sigma

Chemical, New York) was suspended in 0.05M potassium

phosphate buffer at pH 5.95 to produce 17.7 units/ml. (One
chitinase unit is defined as the amount of enzyme that will

liberate chitin oligomers from renatured chitin to generate

1.0 nmol N-acetyl-D-glucosamine (NAG) in one minute at pH
6.0 and 30 °C.) Chitinase preparations were diluted serially
17

with a phosphate buffer to produce a 10^ range in
concentrations of 17.7, 1.77, 0.177, and 0.017 units/ml.
Two controls were used: one substituted active chitinase

with buffer, and the second used chitinase that was

denatured by boiling.

Suspensions (0.5 ml) containing 10

eggs were added to 0.5 ml of each chitinase preparation.
There were four replications of each treatment.

Bioassays

were conducted in 24-well plates and incubated at 20°C in
the dark.

Hatching was determined every 3 days for 15 days

with the aid of a stereomicroscope.

Results were analyzed

with analysis of variance, and means were separated with a
Least Significant Differences (LSD) test.

Experiment 5:

Materials and methods were similar to

experiment 4 except for the following modifications.

Instead of using 10^ serial dilutions, a beginning chitinase
level of 18 units/ml was used and diluted serially to halve

the concentration three times.

The resulting concentrations

were 18, 9, 4.5, and 2.25 units/ml.
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Chapter III
RESULTS AND DISCUSSION

Experiment

By 20 days, total numbers of P. scribneri were below
initial inoculum levels of 500 nematodes/plant in both E—

and E+ tall fescue (Fig. 1). This could be due to the method

of watering tillers in Conetainers.

Water was sprinkled

directly over plants within 24 hours of inoculation with
nematodes.

The method of watering may have washed nematodes

through the Conetainer bottom before they could penetrate
tall fescue roots.

No significant differences were observed in the mean
number of vermiform P. scribneri between E+ and E- tall

fescue at 20 days (Fig. 1).

Mean numbers of all P.

scribneri were significantly lower in E+ tall fescue than in
E- tall fescue after 40 and 60 days.

Numbers of P.

scribneri did not fluctuate significantly in E- tall fescue

during the entire incubation period.

However, P. scribneri

decreased significantly in E+ tall fescue. Lower numbers of
vermiform nematodes in E+ tall fescue at 40 and 60 days
19
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suggests that either no reproduction was occurring or that
nematode numbers were decreasing due to death.

These data

are supported by a previous experiment in 1990, which
indicated that P. scribneri was significantly reduced on E+
tall fescue (Kimmons et al., 1990).

At 20 days, no significant differences were observed
between E+ and E- tall fescue in the mean number of P.

scribneri eggs (Fig. 2).

The mean numbers of nematode eggs

at 40 and 60 days were significantly lower in E+ tall fescue
than E- tall fescue, with no nematode eggs found in E+ tall

fescue.

No eggs were found inside the uterus of females in

either E+ or E- tall fescue, although the production of eggs

at 20, 40, and 60 days in E- tall fescue indicated

reproduction was occurring.

Significantly fewer egg numbers

in E+ tall fescue at 40 and 60 days may be due to eggs being
destroyed after deposition in the root cortex or to

interference with nematode reproduction.

Endophyte-infected

tall fescue may contain an unknown substance that inhibits
adult females from forming or depositing eggs.

Endophytes

can produce a number of toxic compounds in E+ tall fescue
(Yates, 1983).

No eggs were observed in the uterus or
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within the roots of E+ tall fescue, which suggests females

may be prevented from forming eggs.

At 20 days, no significant difference in the mean
numbers of P. scribneri in stages J2, J4 and adult female
were observed between E+ and E- tall fescue (Fig. 3).

However, numbers of J3 were significantly higher in E- tall
fescue than in E+ tall fescue.

At 40 and 60 days, numbers

of J3 and J4 were higher in E- than in E+ tall fescue (Figs.
4,5).

High numbers of J3 and J4 in E- roots were an

indication that reproduction was occurring.

No J2 nematodes

were present in either E+ or E- tall fescue at 40 and 60
days.

No differences were observed in adult nematode

numbers at 40 and 60 days.

The similarity of adult numbers

at all sampling dated suggests that E+ tall fescue is not
nematicidal to P. scribneri. Significantly fewer J3 (20, 40,

60 days) and J4 (40, 60 days) nematodes in E+ tall fescue
may be the result of non-recruitment of juveniles caused by
adult females not forming or depositing eggs.

If

reproduction is disrupted in E+ tall fescue, the number of
juveniles in roots should decline with time because of nonrecruitment, although adult numbers would not be affected.
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(P < 0.05)

Thus, E+ tall fescue suppressed population increase in P.
scribneri, probably by eliminating successful egg
production.

Experiment 2

Results in experiment 2 were similar to those of

experiment 1.

Mean numbers of P. scribneri were still below

initial inoculum levels of 1000 nematodes/Conetainer, yet

were several times greater than numbers of nematodes found

in experiment 1.

This may have been due to doubling the

initial inoculum level, as well as using a different method
of watering Conetainers.
Numbers of vermiform P. scribneri in E+ and E- tall

fescue did not differ 20 days after infestation (Fig. 6),

but were significantly lower in E+ tall fescue than in Efescue after 40 and 60 days.

At 20 days, no significant

difference in the mean number of P. scribneri eggs were
observed between E+ and E- tall fescue (Fig. 7).

However,

at 40 and 60 days, no eggs were detected in roots of E+ tall
fescue.

No eggs were observed inside the uterus of females

examined from either E+ or E- tall fescue roots.
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At 20 days, no differences occurred in the mean number
of p. scribneri in E+ and E- tall fescue roots (Fig. 8). At

40 days, numbers of J2 and J3 nematodes were higher in Ethan E+ tall fescue (Fig. 9).

No significant differences

were observed in J4 and adult nematode numbers at 40 days.

At 60 days, numbers of J2, J3, and adult nematodes were

higher in E- than E+ tall fescue (Fig. 10), but not for J4.

Experiment 3

No differences occurred between E+ and E- tall fescue

in mean numbers of vermiform P. scribneri at 20 days (Fig.

11).

Mean numbers of all vermiform P. scribneri were

significantly lower in E+ than E- tall fescue after 40 and
60 days.

At 20 days, numbers of P. scribneri eggs in E+ and

E- tall fescue were similar (Fig. 12).

However, at 40 and

60 days, no eggs were detected in roots of E+ tall fescue.
No eggs were observed inside the uterus of females from
either E+ or E- tall fescue roots.

At 20 days, numbers of vermiform P. scribneri were
similar in E+ and E- tall fescue (Fig. 13).

At 40 and 60

days, the number of J2, J3, and J4 were higher in E- than E+
28
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(P < 0.05)

tall fescue (Figs. 14,15).

Adult nematode numbers were

similar at all sampling times.

Experiment 4

The number of nematodes that hatched from eggs in
chitinase solution decreased as the concentration of

chitinase increased (Fig. 16).

After 15 days, control wells

had an average hatch of 8 nematodes/well.

Hatching rates

decreased significantly at chitinase concentrations of 17.7
and 1.77 units/ml., with no hatch occurring at a chitinase
concentration of 17.7u/ml.

No differences in eggshell

morphology were observed between unhatched eggs in chitinase
solutions and unhatched eggs in the control.

Therefore,

chitinase may be associated with a decrease in P. scribneri
reproduction by interfering with egg hatch.

Experiment 5

The number of nematodes that hatched from eggs in
chitinase solution decreased as the concentration of

chitinase increased (Fig. 17).

After 15 days, control wells

had an average hatch of 8.4 nematodes/well.
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(P < 0.05)
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decreased significantly at all chitinase concentrations,
with no hatch occurring at a chitinase concentration of 18
and 9 units/ml.

No differences in eggshell morphology were

observed between unhatched eggs in chitinase solutions and
unhatched eggs in the control.
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Chapter IV
CONCLUSIONS

In experiments 1-3, P. scribneri numbers were greatly
reduced

in E+ tall fescue.

No eggs were observed in E+

tall fescue roots 40 to 60 days after infestation,

indicating nematodes were prevented from forming eggs or

that eggs disintegrated after oviposition. Because of
fewer egg and juvenile numbers in E+ tall fescue at 40 and
60 days, the within—root P. sc2:i'ibn6ri population declined in
E+ tall fescue.

Adult numbers were not affected at any

sampling, thus adults did not appear to be directly affected
by the presence of endophyte. Considered together, the data
strongly suggest that E+ tall fescue is not nematicidal, but
decreases P. scribneri populations by disrupting nematode

reproduction and reducing the number of viable eggs.

This

would result in a decreased nematode population due to the
nonrecruitment of J2.

In contrast to the work done by

Mercer et al. (1992), chitinase solutions did not aid in the
hatch of nematodes, but rather tended to inhibit egg hatch.
Mercer et al. (1992) used eggs of Meloidogyne hapla in a
37

mixture of development stages.

The eggs used in our

chitinase experiments were undifferentiated. Eggs subjected
to chitinase solutions early in development may not mature

normally, thus prohibiting further development of the
nematode egg.

These data do not prove that chitinase is

involved in a disease defense mechanism.

However, a

relationship has been established between increased
chitinase activity and Neotyphodium, which supports the

hypothesis that chitinase is involved in disease defense
(Roberts et al. 1992).

It has also been shown that

chitinase activities increase in tall fescue in response to

infection by nematodes and the endophyte (Roberts et al.,
1992), which is not unexpected from a pathogenesis-related

protein. Chitinase is a potential cause of the disruption
of P. scrihneri eggs by interfering with egg hatch, but
further attention needs to be paid to chitinase levels
within tall fescue roots and to egg formation.

The future use of E+ grasses as biocontrol agents of

nematode pests has great potential as genetic and
biochemical research on endophytes provide more genetic

information that may be used to produce grass strains with
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unique characteristics.

The possibility of chitinase

having a detrimental effect on nematode eggs raises the

possibility of enhancing plant defenses against nematodes in
the future through genetic manipulation.
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